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(64) Exposure apparatus and optical system therefor 



(57) An exposure apparatus Including an optical 
system for exposure apparatus (an lUuminaUon optical 
system) for applying light of a specific wavelength to a 
mask (12) formed with a pattern, and a projecUon opti- 
cal system (13) for pni^ecUng a pattern Image of the lUu- 
mlnaled mask onto a substrate (14). 

In the optical system for exposure apparatus, a plu- 
rality of Independent chambers 42a-42g are formed in a 
frame (41), and, in each of the chambers, lids (44a- 
44g). piping (L1a-L1h). piping (L2a-L2g). valves (45a. 
45g) (46a-46g) and valves (4Ba-48g) for opening and 
dosikg passages in response to the value detected by 



an oxygen density sensors (47a-47g) are provided. Fur- 
ther, seven group of optical parts, that Is, beam shaping 
lens (2); a mirror 3; a beam expander lens 4; a minror 
(5); a fly-eye tens 6; a set of a first relay lens (7). a reticle 
blind 8 and a second relay lens (9); a set of a mirror 10 
and a main condenser lens (11). are contained wltWn 
different chambers (42a-42g) of the frame (41). There- 
fore, It is possible to shorten a time pertod required for 
replacing gas In tt»e frame and to facilitate the gas 
replacement operattion. 
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Description 

[0001] The present InvenUon relates to an optical 
system for exposure apparatus (for example, an IllumJ- 
naUon optical system for illuminaUng a mask with pat- 
terns by an exposure Ugtit) and an exposure apparatus • 
that uses fer ultraviolet light for pattern formation In the 
process of producing semiconductor devices (IC, CCD, 
etc.). liquid crystal display devices, thin-film magneUc 
heads, and so forth. . # 

[0002] The demand for larger-scale IntegraUcwi oT 
semiconduclor . devices has been Increasing year by 
year, and the pattern rule (l.e.. a line width of a pattern) 
of the required drcuil patterns has been correspond- 
ingly decreasing. It is known that the line width thai can 
be resolved by a projecUon optical system reduces In 
proportion to the wavelength. Therefore, in order to form 
a circull pattern of snwiler pattern rule by photo-lithog- 
raphy process. It Is only necessary to shorten the wave- 
length of irghl used, for exposure. At the present, an 
exposure apparatus In which a Krf exciiner laser having 
a wavelength of 248 nm is used as a light source has 
already been developed. Further, a mercury lamp hav- 
ing a wavelength of about 220 nm or 184 nm, an ArF 
exdmer laser having a wave length of 193 nm and the 
like have been noted as a short wavelength Ught source. 
[0003] In conventional exposure apparatuses In 
which g-ray (having a wavelength of 436 nm), kay (hav- 
ing a %vavelength of 365 nm). a KrF exclmer laser or a 
mercury lamp emitting light having a wave length of 
about 250 nm Is used as a light sburce. since the wave- 
lengths of these fight beams are not overiapped with an 
absorption spectrum zone of oxygen, there Is no incon- 
venience such as reduction In light available rate 
caused when light Is absorbed by oxygen molecules In 
a light path and/or generation of ozone due to light 
absorption of the oxygen molecules. 
[0004] However, in the light source such as the ArF 
exclmer laser, since light emitting spectrem Is over- 
lapped witii the absorption spectrum zone of oxygen, 
the above-mentioned reduction In light available rate 
and/or generation of ozone due to light absorption of the 
. oxygen motecules will occur. For example, if It Is 
assumed Oiat transmlttance of the ArF exclmer laser 
beam In the vacuum or In inert gas such as rtilrogen or 
heUum Is 100%/m, in a free-run condition (natural light 
emitting condition), i.e.. In an ArF wide range laser, the 
transmlttance becxMmes about 90%/m. and, even when 
an ArF narrow band laser Is used for reducing a spec- 
trum %vidth to avoid absorbing lines of oxygen, the trans- 
mlttance is decreased to about 9B%/m. 
[0005] It Is considered tiial the reduction In trans- 
mlttance Is caused by Influences of absorption of light 
caused by tiie oxygen molecules as well as gerieration 
of ozone. The generation of ozone not only affects a bad 
Influence upon the .transmlttance (light available rale) 
but also worsens performance of Uie apparatus due to 
reaction to a surface of optical material or other compo- 



nents of parts. 

[0006] In such exposure apparatuses, in order to 
. prevent tiie reduction In transmittance and/or genera- 
tion of ozone by reducing oxygen density in the light 
5 paUi. It Is well known that a space Including the entire 

• light patii must be fflted vyit h inert oas such as nitrogen, 
(for example, refer to Japanese Patent Laid-op**" ^ - 
260385 corresponding to U.S. R Na 5.559.584). , 
[0007] Fig. 8 schematically shows a construction of 

10 an exposure apparatus (optical systenns associated 
witii illumination and Image focusing are n^nly illus- 
trated and ottier parts are omitted from Illustration). A 
light beam from an ArF exclmer laser light source 1 is 
changed to a predetermined form by a beam shaping 

15 lens 2 and then Is reflected by a mirror 3 to be incident 
on a beam expander lens 4. The qght flux Incident to the 
beam expander lens 4 Is expanded or enlarged to a pre- 
determined magnitude and then is reflected by a minor 

• 5 to be directed to a fly^e lens 6 as an optical Inteya- 
20 tor, where Dlumlnance is made uniform and an illuminat- 
ing range is determined. Ught from the fl y-eye lens 6 Is 
focused on a reticle conjugate s urface by a first relay 
lens 7, The reticle conjugate surface Is provided with a 
reticle bMnd 8 for regulating or limiting an exposu re 

25 range. Light passed through ttie reticle blind 8 is illumi- 
nated onto a reticle 12 throu gh a second relay iens 9, a 
mirror 10 and a main condenser lens ll. Ught having 
passed ttvough the reticle 12 Is lllumlnaled onto a wafer 
14 ttirough a projection lens 13. Uiereby focusing an 

30 image of the reticle 12 on the wafer 14. 

[0008] Fig. 9 Is a sectional view of an Illumination 
optical system of the exposure apparatus, showing a 
light patti from the ArF exclmer laser light source 1 to 
the main condenser lens 1 1 . A frame 21 contains optical 

35 parts such as the bearn shaping lens 2 constituting the 
Illumination optical system and is attached to ttie ArF 
exclmer laser tight source 1 via a bellows 23. Nitrogen 
gas firom a nitrogen gas supply source 24 is supplied 
from one side of the frame 21 (l.e., a side to which the 

40 laser light source 1 is attached in Fig. 9) through a pip- 
ing LI a and is discharged to a ctischarge device 25 from 
the other side of the frame 21 . 

[0009] In Fig. 9, while various optical parte were 
shown witii simplification, actually, as shown in ^Fig, 10 

45 (fully desCTlbed later), each of the optical parts Is consti- 
tuted by a plurality of lenses which are integrally 
secured to the firame 21 by a support blocks 37. In Fig. 
9. tiie reflection mirror 10 and the main condenser lens 
1 1 are secured to tiie frame 21 by using a same support 

so block 37h, and the oUier optical parts are secured to 
respective support blocks 37a-37g. 
[0010] Each of ttie optical parte secured to the 
frame 21 forms respective optical block at each of Uie 
support blocks 37a-37h. and maintenance <such as 

55 replacement) is effected for independent block. Lids 
22a. 22b. 22c serves to ctose openings (through which 
ttie optical blocks are inserted and removed when the 
optical blocks are mounted and dismounted with 
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respect to the frame 21) formed In the frame 21 . so that 
the interior of the frame 21 is sealed by the fids 22a. 
22b 22c. Incidentally, although not shown. O-rtngs or; 
packings are disposed between the frame 21 and the 
lids 22a, 22b. 22c to Improve sealing abUlty. 
[00111 Fig. 10 shows an example of the optical 
parts. Lenses 32a. 32b. 32c are successively Inserted 
Into a lens ban-el 31 and are secured by a hold-dowrj 
ring 34. tnddentaUy. there are provided separation rings 
33a 33b for maintaining predetermined distances 
betvleen the lenses. Veril holes 35a. 35b, 36a, 36b 
fomted In the lens barrel 31 and the separaUon rings 
. 33a, 33b serve to Infroduce inert gas between the 
lenses. When the nitrogen gas Is sufifiDfijUntOlbfiicame 
21 the nitrogen gas also flows into the lens barrel 31. 
through the vent holes 35a. 35b. 36a. 36b to replace the, 
air between the lenses by the nifrogen oas. The lens 
barrel 31 Is secured to the support block by 5et.sfffiaMS 
38. 

[00121 However, In the lllumnation optical system of 
the exposure apparatus shown In Fig. 9, even when 
maintenance regarding at least one of the parts dis- 
posed In the frame 21 Is effected, the entire Interior of 
the frame 21 Is exposed to atmosphere. Thus, a large 
amount of nitrogen gas contained within the frame 21 
escapes or leaks outside, vA\h the result that It takes a 
4ong Ume to re-fill the nitrogen gas In the frame 21 after 
the maintenance. Further. It Is very difficult to iudge 
whether the frame 21 is fiUed with the nitrogen gas suf- 
ficlent to not affect an Influence upon the exposure. 
[0013] An object of the present InvenUon is to pro- 
vMe an exposure apparatus and an opUcal system for 
such an exposure apparatus, in which a time period 
required for repladhg air by Inert gas In a frame during 
the maintenance can be reduced and the replacing 
operation can easily be perft>rmed. 
[00141 According to a first as pect of this Invention 
an optical system has a plurality of opUcal parts con^ 
tained in a frame , and the frame Is divided Into a plurai- 
Ity of chambers and the plurality oT optical parts are 
housed In the different chambers of ( he frame, and gas 
replacing means for replacing gases^in me respecuve 
chambers are provided . 

[0015] According to a second aspect of this inven- 
tion, the optical system Is applied to an exposure appa- 
rati^ in vi^lch a plurality of optical parts are contained in 
a frame and the frame is provided with a plurality of 
chambers Interconnected through connecUon passages 
and the plurality of optical parts are housed In the differ- 
ent chambers of the frame and there are provided a gas 
supply means for supplying inert gas to a first chamber 
disposed at one end of the group of the Interconnected 
chambers and a cflscharge passage Lih for discharging 
gas from a second chamber disposed at the other end 
of the group of the interconnected chambers and lids 
and valves for blocking the communication between the 
adjacent chambers through the connection passages 
wheri the lids are opened and for permitting the commu- 
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nication between the adjacent chambers through the 
connection passages wtfien the lids are closed are pro- 
vided In association with at least one of the chambers. 
[0016] According to a third aspect of this invention, 
there are provided oxygen density sensors for detecting 
density of oxygen in chambers having lids and dis- 
charge switching means for permitting discharge of gas 
into the adjacent chambers through the connection pas- 
sages at the second chamber side when the oxygen 
density detected by the oxygen density sensors is less 
than a predetermined value and for discharging the gas 
in the diambers out of the frame when the oxygen derv- 
slty is greater than the predetermined value. 
[0017] According to a fourth aspect of the invention 
an exposure apparatus is provided with a flow rale sen- 
sor for detecting a flow rate of gas discharged from a 
disdiarge passage and a oontrol device for oontrolling 
to tum OFF a light source of the exposure apparatus 
when the flow amount detected by the flow rate sensor 
Is less than a predetermined value. 
[0018] According to a fifth aspect of the invention 
the optical system according to the above first aspect is 
appBed to an exposure apparatus In which a plurality of 
optical parts are contained In a frame and the frame is 
divided into a plurality of chambers and the plurattty of 
optical parts are housed in the different chambers of the 
frame and gas supply means ftar supplying Inert gas to 
the chambers and gas discharging means for discharg- 
ing the gases In each of the chambers to an outside 
thereof are provWed. Further, at least one of saM plural- 
ity of chambers comprises Ikis for opening and closing 
said chambers, a discharge passage for discharging the 
gases In the chambers valves for blocking supply of 
inert gas from the gas supply means when the lids are 
opened and for permitting the supply of inert gas from 
the gas supply means when the lids are closed, oxygen 
density sensors for detecting oxygen density in the 
chambers and discharge switching means for permitting 
discharge of gjas from the discharge passage when the 
oxygen densl^ detected by the oxygen density sensors 
is less than a predetermined value and for discharging 
the gas from the frame when the oxygen density Is 
greater than the predetermined value. 
[0019] According to a sixth aspect of the invention 
an exposure apparatus has an optfoatsystem according 
to any one of the above-mentioned first to fifth aspects. 
[0020] According to a seventh aspect of this inven- 
tion, an exposure apparatus comprises a fight source 
emitting exposure light to said optteal system is con- 
* nected any one of said plurality of chantbers; and fur- 
ther comprises a partition member disposed on a light 
path of the exposure light and adapted to isolate a 
space in the chamber to which said light source Is con- 
nected from another space on a sWe of said light source 
and permitting transit of the exposure light from said 
light source.. 

(00211 According to an eight espect of this invention 
an exposure apparatus comprises a light source emit- 
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ting exposure nght; a frame having an opUcal system on 
which the exposure light Is Incident and having an inner 
space filled with specific gas; a light source unit con- 
nected to said frame and containing said light source 
and a partition member provided on a fight path of the 
exposure light and adapted to isolate a space within, 
said frame from another space within said light source 
unit and permitting transit of the exposure light of said 
light source. 

[0022] According to a ninth aspect of this Invention, 
an exposure apparatus is provided wherein said parti- 
tion memljer forms a part of a transmission optical sys^ 
tern %vhich directs the exposure Pght from said fight 
source to said optical system, and a face of said parti- 
tion member is Inclined with respect to a plane perpen- 
dicular to an optical axis of said transmission optical 
system. 

[0023] Particular eml)odiments of the present 
invention wlU now be described wiUi reference to the 
accompanying drawings in which: 

Fig. 1 is a sectional view of an illuminatton optical 
system, v/hlch Is a part of an embodiment of an 
exposure apparatus according to the present inven- 
tion; 

Fig. 2 is a view tor explaining replacement of gas 
during assembling of ttie Illumination optical sys- 
tem, where Fig. 2A shows a condition after comple- 
tion of attachment of optical parts. Fig. 2B shows 
replacement of gas In a chamber 42a, and Fig. 2C- 
shows replacement of gas in a chamber 42b; 
Fig. 3 Is a view for explaining repladement of gas 
during maintenance, where Rg. 3A shows a condi- 
tion tiiat a lid 44f of a chamber 42f is opened, and 
Rg. 3B shows replacement of gas In ttie chamber 
42f after the lid 44f Is dosed; 
Fig. 4 is a view for explaining an alteration; 
Rg. 5 is a view for explaining replacement of gas 
during maintenance of an apparatus of Rg. 4, 
where Rg. 5A shows a condition that a Dd 44f of a 
chamber 42f is opened, and Fig. 5B shov« replace- 
ment of gas in the chamber 42f after the Iki 44f is 
dosed; 

Rg. 6 is a view showing another embodiment cf an 
exposure apparatus; 

Fig. 7 is a view for explaining a case where a wln- 
. dow member 54 Is indined; 

Rg. 8 is a schematic view showing an exposure 
apparatus;' 

Fig. 9 is a sectional view of an illumination optical 
system of the exposure apparatus of Fig. 8; and 
Fig. 10 Is a view showing an example of optical 
parts; 

[0024] An embodiment of the present Invention will 
be explained with reference to Figs. 1 to 5. Rg. 1 Is a 
dotted sectional view of an- illumination optical system, 
wMdi is a part of the emt>odlment of an exposure appa- 



ratus according to the present invention. Inddentally. 
since optical parts constituting the illumination optical 
system are the same as ti)ose of the exposure appara- 
tus shown In Fig. 9. the same elements as those in Fig. 
5 9 are designated by the same refierence numerals. Sim- 
ilarty. the reference numerals 12, 13 and 14 denote a 
retide. a projection lens and a wafer, respectively, as is 
simflar to Rg. 8. Ttie optical parts are attadied within a 
frame 41 every optical blodc. The frame 41 are divided 
10 Into seven chambers 42a-42g. and windows 43a-43f 
induding optical parts are disposed In light path por- 
tions formed in partitions between the chambers, ind- 
dentally. when the IDumination optical system Is 
designed, features of the windows 43a-43f are taicen 
15 Into consideration. Lids 44a-44g for do^ng and sealing 
openings of tiie chambers are detachabty attached to 
the chambera 42a-42g. Incidentally, altiiough not 
shown, o-rings or padung are disposed between the 
frame 41 and the Uds 44a-44g to improve sealing abnity. 
20 [0025] Pipings Lla-Llg serve to supply nitrogen 
gas from a nitrogen gas sUpply source 24 to the cham- 
bers 42a-42g. and valves 45a-45g are provided in the 
pipings Lla-Llg. Pipings \J2a-i22Q serve to discharge 
the gas In the chambers 42fr42g out of the frame 41, 
25 and valves 4Ba-48g serve to switch or determine 
whettier the gas in Uie chambera 42a-42g Is directed to 
the adjacent chamber through tfie pipings Lla-Llg or Is 
discharged out of the frame through the pipings L2a- 
L2g. Valves 46a-46g are disposed at Inlets of the valves 
30 48a-4Bg. Vent of the valves 48a-48g Is switched on tt\e 
basis of signals from oxygen density sensors 47a-47g 
for detecting oxygen density fai the chambera 42&42g. 
A flow rate sensor 49 is disposed In the piping Lih* 
between the chamber 42g and a discharge device 25. 
35 The pipings l^a-L2g serve to discharge ihe gas out of a 
chamber (not shown) containing the body of the expo- • 
sure apparatus. Each chamber may have the nitrogen 
gas supply source 24 and the discharge device 25. 
[0026] The valves 45a-45g and 46a-46g are 
40 opened when the lids 44a-44g are -dosed and are 
dosed when tfie lids 44a-44g are opened. A switch 
turned ON/OFF in synchronous v^rith opening/dosing of 
the lids 44a-44g may be provided to control Uie valves, 
or the valves may be controlled mechanically. Further. 
45 as an example, the switdiing of the valves 48a-48g are 
performed as follows. When the oxygen density 
deteded by the oxygen density sensors 47a-47g is 
greater than a predetermined oxygen density value <for 
example. 1% suffident to prevent absorption of expo- 
50 sure light and generation of ozone), the gas is directed 
to the pipings L2a-L2g to reduce the oxygen density, 
and, when the oxygen density is decreased below the 
predetermined value, the gas Is directed to ttie pipings 
Lla-Llg. In Rg. 1, all of ttie lids 44a-44g are closiBd 
55 showing the fact that ttie oxygen density In the chanrv- 
bers 42a-42g are less than ttie predetermined value. 
Incidentally, the arrows show flow of nitrogen gas. 
[0027] Now. operations of the above-mentioned 
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valves and oxygen density sensors during the gas 
replacing operaUon in the chambers 42a^2g will be 
explained as the following two examples: 

(a) gas replacement during assembling of the fllu^ 
minatlon optical system; and 

(b) gas replacement during maintenance. 

(1) During the assembling of the ffluminatton optical sys^ 
tern: 

[0028] Rg. 2A is a sectional view of the chambers 
42a and 42b shown In Fig. 1 and shows a condition after 
the attaching of the optical parts within the frame 41 is 
completed. In this condition, the lids 44a. 44b of the 
chambers 42a, 42b are opened. (In Fig. 2A, the lids 
44a. 44b are omitted from IJIuslration). In the condition 
Ihat the lids 44a. 44b are opened, as mentioned above, 
ttie valves 45a. 45b, 46a. 46b are dosed. Further, since 
the ox>^en density detected by tiie oxygen density sen- 
sors 47a. 47b exceeds the predetermined value, the 
vale 48a communicates with the piping L2a and the 
valve 48b communicates with the piping L2b. In Fig. 2A 
- 2C, the arrows on the valves 45a^5c. 46a. 46b show 
valve open condlllons, and the arrows on the valves 
48a. 48b show communication directions of the valves 
4Ba! 4eb. The other arrows show flow of the nitrogen 
gas. Further, the aaows on the oxygen density sensors 
47a. 47b show whether the detected oxygen density is 
higher than the predetermined value or not. and, when 
h^her Uian the predetennined value, the anrow directs 
toward a right and upper direction, and. when lower 
•than the predetermined value, tiie arrow directs toward 
a left and upper direction. Then, when the lids 44a'44g 
of aD of the chambers 42a-42g are closed, the valves 
45a-45g. 46a-46g are opened. vAth ttie result that, as 
shown in Fig. 2B. the nitrogen gas is supplied to the 
chamber -423 through the piping LlOla. In this case, 
since the valve 48a is communicated with the piping l^a 
until ttie oxygen density in tiie chamber 42a reaches the 
predetermined value, the nitrogen gas is suppUed to the 
chamber 42a and the air in tiie chamber 42a is dis- 
charged out of the frame 41 through the piping L2a. As 
a result, the air in the chamber 42a is gradually replaced 
ly the nitrogen gas, ttiereby decreasing the oxygen 
density accordingly. 

[0029] Thereafter, when the oxygen density in ttie 
chamber 42a is decreased below the predetermined 
value, as shown in Fig. 2C. the communication direction 
of the valve 48 Is changed from the piping L2a to the 
piping Lib. ttiereby supplying the nitrogen gas to the 
chamber 42b. As is similar to the chamber 42a, the gas 
•In the chamber 42b is discharged out of tiie frame 41 
through the piping L2b until the oxygen density Is 
decreased below the predetermined value. When the 
oxygen density is decreased below the predetennined 
value, tiie communication direction of tiie valve 48b is 
dianged from tiie piping Ub to Uie frf[ring Lie. thereby 



supplying ttie nitrogen gas to the chamber 42c. Simi- 
larty, ttie air in tiie chambers 42c-42g shown in Fig. 1 
are successvely replaced by nitrogen gases. 
[0030] When tiie oxygen density in the chamber 

5 42g Is greater tiian the predetermined value, since the 
valve 48g Is communicated witii ttie piping L2g, ttie flow 
rate sensor 49 (Fig. 1) does not detect ttie gas flow. To 
tiie contrary, when ttie oxygen density in the chamber 
42g becomes less tiian Uie predetermined value, since 

10 the communication direction of ttie valve 48g is changed 
from the piping L2g to ttie piping L1h. the gas In the 
chamber 42g flows into ttie discharge device 25 and Is 
detected by ttie flow rate sensor 49. Thus, by utilizing 
ttie output of ttie flow rate sensor 49.. ttie fact ttiat ttie 

15 replacement of gas after assembling can be ascer- 
tained. 

(2) During ttie maintenance: 

20 [0031] Next, during the maintenance, for example, 
ttie maintenance of a motor for driving ttie reticle blind 8 
will be explained witti reference to Fig. 3. Incidentally. In 
Fig. 3, ttie chamber 42f and adjacent chambers are 
shown, and ottier chambers are omitted from fllustra- 

25 tion. First of all. as shown In Fig. 3A, when ttie lid 44f of 
ttie chamber 42f in which ttie reticle Wind 8 is secured is 
opened, ttie valves 45f. 46f are closed. In this case, 
since ttie chamber 42f is communicated with the atmos- 
phere, tiie oxygen density becomes greater ttian ttie 

30 predetermined value, witti ttie result ttiat ttie valve 48f Is 
communicated wltti ttie piping L2f. Consequentty. ttie 
communication between ttie Chambers 42f and 42e and 
ttie communication between ttie chambere 42f and 42g 
are blodced. with ttie result ttiat the chambers ottier ttian 

35 ttie chamber 42f remain to be filled witti ttie nitrogen 
gas. However, since ttie gas in ttie chamber 42g is dis- 
charged by the discharge device 25, the pressure In ttie 
chamber 42g is held to a value less ttian ttie atmos- 
pheric pressure. Thus, until ttie pressure In the chamtier 

40 42g becomes substantially constant, the flow rate 
detected by tfie flow rate sensor 49 is very small, and. 
after ttie pressure Ijeoomes substantially constant, the 
flow rate sensor 49 does not detect the flow rate. Inci- 
dentally, ttie arrow oh .ttie flovy rate sensor 49 indicates 

45 ttie magnitude of ttie flow rate. Particsulariy, in ttie condi- 
tion shown in Fig. 1. ttie anow direction toward a right 
and upper direction indicates ttie fiact ttiat the gas is 
flowing In a steady-state condition, and, as shovtm in 
Fig. 3, when ttie chamber 42f is subjected to mainte- 

50 nance and ttie gas is almost not flowing, such a condi- 
tion is Indicated by ttie anow directing toward a left and 
upper direction. 

[0032] After ttie maintenance is flnished, when ttie 
lid 44f is closed as shown in Fig. 3B. the valves 45f, 4€f 
55 are opened, witti ttie result ttiat ttie nitrogen gas flows 
from ttie chamber 42e to the chamber 42f. However, 
Immediately after ttie lid 44f is closed, since the oxygen 
density in ttie chamber 42f is greater ttian ttie predeler- 
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mined value. Ihe valve 48f remains lo be communicated 
with Ihe piping i-2f, with the resull that the gas in the 
chamber 42f is discharged oul of the frame 41 through 
the pijrfng i^f. Thereafter, when the oxygen density in 
the chamber 42f becomes less than the predetermined 
value the communicaUon direcUon of the valve 48f is . 
changed to the piping Lig. with the result that Ihe nitro- 
gen gas In the chamber 42f nows into the chamber 42g 
and Is discharged by the discharge device 25. 
(0033] When the nitrogen gas Is discharged by the 
discharge device 25, since the gas flow Is detected by 
the flow rate sensor 49, by utilizing the output of the flow 
rate sensor 49. the fact that the maintenance Is finished 
can be recognized. Further, when the output is used for 
interlock of the ArF exdmer laser light source 1, If the 
replacement of nitrogen Is Insufficient during the main- 
tenance or after the maintenance, a control circuit of the 
exposure apparatus can control to slop the emission of 
the laser beam. Further, even when supply from a nitro- 
gen gas supply source 24 Is stopped or the flow rate Is 
decreased, such a condition can be detected, and, in 
such a condlOon, the eirtsslon of the laser beam may be 
stopped. 

[0034] The abovMfwntioned enfibodhnent gives the 
tbilowing advantages. 

(1) Since the frame 41 of the illumination system is 
divided into the chambers at every optical Wock, 
during the maintenance, only the chamber of the 
optical block requiring the maintenance may be . 
communicated with the atmosphere; with the result 
that leakage of gas during the maintenance can be 
reduced and the time period required for replace- 
ment of nitrogen gas after the maintenance can be 
shortened. 

(2) By providing the valves 45a-45g, 46a-46g 
opened and closed in synchronous with the ctos- 
Ing/openlng of the lids 44a-44g and the valves 48a- 
48g for switching the communfcatlon direcfion, 
depending on the oxygen density in the chambers 
42a-42g, G) supply and stop of ihe nitrogen gas 
into the chambers 42a-42g and ® the replacement 
•of gas In the chambers 42a-42g can automatically 
be effected, depending on the opening/dosing of 
the nds 44a-44g. Thus, the maintenance can be 
facflilated and the time period required for the main- 
tenance can be shortened. 

(3) By monitoring the flow rate of discharged gas by 
using the flow rate sensor 49, the completion of the 
maintenance can automatically be Judged and the 
output of the sensor can be used in the Interlock of 
the ArF exdmer laser light source 1. Thus, errone- 
ous laser illumination belbre replacement of nitro- 
gen gas can be prevented. 

[0035] In place of the signal of the flow rate sensor 
49. signals from the oxygen density sensors 47a-47g 
may be used for the aforementioned intertock. That is to 



say. if any one of the oxygen density sensors 47a-47g 
detects the oxygen density greater than the predeter- 
mined value, it is judged as under maintenance, and, if 
• all of the sensors detect the oxygen density less than 
5 the predetermined value. It is judged as completion of 
maintenance. However. In such a case. unGke to usage 
of the flow rate sensor 49, the change In flow rate of the 
nitrogen gas cannot be detected. 

10 (Alteration) 

[0036] Fig. 4 shows an alteratbn of the apparatus 
shown In Fig. 1 . In this alteration, supply of nitrogen gas 
into the chambers Is effected in paraUel. Inddentally, 

IS Fig. 4 only shows a part of the apparatus (parts assod' 
ated with the chambers 42e, 42f, 42g). and the same 
elements as those in Fig. 1 are designated by the same 
reference numerals, and differences vkdil be mainly 
described. Nitrogen gas Is supplied from the nitrogen 

20 gas supply device 24 to the chambers 42e. 42f, 42g in 
which optical parts are disposed ttvough a piping L4; 
On the other hand, the gas In the chambers 42e. 42f, 
42g Is discharged by the discharge device 25 through a 
piping L3. That is to say, in the apparatus according to 

2S ttie alteration, the chambers for vyhich the lids 44e-44g 
are dosed are always subjected to nitrogen gas purge. 
[00371 P'9S- 5A and SB explain an operation 

of various valves when the maintenance of the retide 
blind 8 Is performed. As shown In Fig. 5A, vAwn the lid 

30 44f is opened to communicate the chamber 42f with the 
atmosphere, the valve 45f is opened and the oxygen 
density in the chamber 42f becomes greater than the 
predetemrtlned value, witti the result that the communi- 
cation direction of the valve 48f Is changed from the plp- 

35 ing L3 to the piping L2f. In tills case, the nitrogen gas 
purge of the other chambers 42e, 42g is still continued. 
After the maintenance is completed, when the lid 44f Is 
dosed as shown In Fig. 5B. the waWe 45f Is opened to 
supply the nitrogen gas into the chamber 42f. However. 

40 Immediately after the lid 44f is dosed, since the oxygen 
density in the chamber 42f Is still greater than the prede- 
termined value, the valve 48f Is communicated with the 
piping L2f, with ihe result tiiat the gas \r\ the ctiamt>er 
42f te discharged through the piping L2f. 

45 [0038] Thereafter, as the replacement of gas In the 
chamber 42f continues, when tiie oxygen density 
becomes less than the predetermined value, the com- 
munication direction of tiie valve 48f Is changed from 
tiie piping L2f to the piping L3. witti the result that the 

so gas in the chamber 42f is discharged by the discharge 
device 25. In the apparatus according to this alteration, 
the completion of the maintenance Is judged on the 
basis of the signals from the oxygen density sensors 
47e-47g. That is to say. If one of the oxygen density sen- 

55 sors 47a-47g detects the oxygen density greater than 
tiie predetermined value, it is judged as under mainte- 
nance, and. If all of the sensors detect ttie oxygen den- 
sity less than the predetermined value, it is judged as 
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completion of maintenance. 

[0039] In the apparatus shown In Fig. 1. as shown 
In Fig. 3A. when the oxygen densily In the chamber 42f 
is greater than the predetermined value to communicate 
the valve 48f with the piping L2f. the chamber 429 at a 
downstream side of the chamber 42f regarding gas 
purge may have pressure smaller than the atmosphenc 
pressure as mentioned above. In consideration of this. It 
is required that the chambers are designed to resist 
against the external atmospheric pressure. However, in 
the apparatus according' to the alteration, since the 
chambers having the dosed lids are always subjected 
to the gas purge, great strength such as that in the 
apparatus of Fig. 1 is not required. 

(Another Embodiment) 

[0040] Fig. 6 shows another embodiment of an 
exposure apparatus according to the present invention 
and shows a chamber 42a at an ArF exdmer laser tight 
source side of an illuiriination optical system and the 
laser light source 1 in detaD. in general, two spaces SI.. 

52 are formed in the teser tight source 1. and a laser 
generating portion la is housed In the space SI. A gas 
supply device 50 and a discharge device 51 are con- 
nected to the space SI, and gas (generally. Inert gas) 
supplied from the gas supply device 50 to the space SI 
Is drcuiated within the space SI and is discharged by 
the discharge device 51. On the other hand, as shown 
In Fig. 6. the space S2 Is communicated with a space 

53 defined by a bellows 23. and gas is supplied to the 
space S2 from the gas supply source 50 through a pipv- 
•ing L10. By detecting reflection light from a mirror 52 by 
means of a detectbr 53, intensity of the laser beam is 
detected. 

[0041] In general, pressure in the space SI Is 
selected to be smaller than pressure In Oie space S2 
and the atmospheric pressure. Thus, while flow of gas 
from the space S2 to the space 31 (as shown by an 
arrow A) may be generated and the air may flow Into the 
space SI from the atmosphere, the gas does not leak 
from the space SI to the atmosphere. The reason v\rtiy 
the laser light source 1 has the above-mentioned con- 
struction is thai, even If ArF gas used In the laser gener- 
ating portion la leaks, a room in which the exposure 
apparatus is InsteUed Is prevented from being contemi- 
nated by the ArF gas. For example, if the ArF gas leaks 
Into the space SI. the ArF gas does not leak from the 
space SI toward the atmosphere but is discharged by 
the discharge device 51. On the other hand, If the ArF 
gas leaks Into the space 82, since the ArF gas flows 
from the space S2 into the space SI and then Is dis- 
charged by the discharge device 51. the ArF gas does 
not leak toward the atmosphere. 
[0042] In the aforementioned embodiment, while an 
example that the chamber 42a in which the beam shap- 
ing lens 2 is housed is communicated with the beltows 
23 was explained, in this embodiment, there is provided 



a window 54 (made of quartz or fluorlte) as a partition 
between the chamber 42a and the space S3 defined by 
Uie bellows 23. With this an^ngement, the space S2 of 
the las©- tight source 1 is Isolated from the chamber 42a 
5 by the window 54 to give the following advantages. In 
addition to the advanteges of the aforementioned 
embodiment: 
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(J) The replacement gas In the frame 41 in which 
the optical parts are housed is prevented from flow- 
ing toward the laser light source 1. As mentioned 
above, since the pressure in the frame 41 Is greater 
than the pressure in the space SI of the laser light 
source 1 . If there is no window 54 In Fig. 6, the gas 
flows from the frame 41 through the spaces S3. S2 
to the space SI; however, in this embodiment, such 
gas flow can be prevented by Uie window 54. As a 
result, the replacement gas In the frame 41 does 
not flow into the replacement area <spaces S1 and 
S2) of the laser light source 1, thereby protecting 
the replacement area of the laser light source 1 . 
<2) During the mairilenance of the beam shaping 
lens 2, when the chamber 42a is opened to Uie 
atmosphere, the space S2 of the laser light soiree 
1 can be prevented from being exposed to the 
atmosphere. 

<3) Even If the ArF gas flows into the bellows 23 due 
to an accident, since the ArF gas does not flow from 
the bellows 23 into the frame 41. the optical parts 
within, the frame can be protected. 



[0043] Fig. 7 shows an alteration of the apparatus 
of Fig. 6. In this alteration, a face of the window 54 is 
Inclined by an angle of 9 with respect to an axis Y per- 

35 pendicular to an optical axis X. The other arrangements 
are the same as those of the apparatus shown in fig. 6. 
In Fig. 7, "B" Indicates a light path of a laser beam 
reflected by the window 54 If the fece of the window 54 
is arranged perpendicular to the optical axis X. The 

40 reflected laser t>eam B is reflected downwardly by a half 
mirror 52 and Is reflected by an inner surface 1d of the 
laser light source 1 and then is passed through the half 
mirror 52 to be Incident on a detector 53. Thus, this 
arrangement affects a bad influence upon the measure- 

45 mentof Intensity of laser beam. 

[0044] To the <»ntrary, when the face of the window 
54 is inclined by the angle of 6 with respect to the axis Y 
in the apparatus In Fig. 7, since the laser beam is 
reflected rightwardly and downwardly (as a reflected 

50 • beam C). the reflected beam does not enter into the 
detector 53, unlike to the reflected beam B. The angle 6 
is selected so that the reflected beam does not^nter 
into the detector 53 and is preferably about 10 degrees. 
Incidentally, the window 54 may also act as an optical 

55 part of the illumination optical system. Iri the Illustrated 
embodiment, v^^lle an example that the frame 41 is 
directly connected to ttie chamber 42a at the laser light 
source 1 side via the bellows 23 wa&axplained. a trans- 
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mission opUcal system may be disposed between the 
frame 41 and the chamber 42a at the laser light source 
1 side. 

10045] The transmlsston optical system Is consti- 
tuted by optical elements such as a mimir. a prism and 
a lens disposed on an optical axis, and a cover for seal- 
ing these opUcal elements. In the illustrated embodi- 
ment, when such a transmission opUcaJ system Is 
provided, one end of the cover of the transmission opti- 
cal system may be connected to the chamber 42a at the 
laser light source 1 side, and the other end of the cover 
of the transmission optical system may be connected to 
the bellows 23. 

[O046] Further. In the illustrated embodiment, while 
an examjrfe that the partition window 54 is disposed 
between the chamber 42a at the laser light source 1 
side and the space S3 defied by the bellows 23 was 
explained, the partition window 54 may be disposed 
t>etween the space S2 of the laser light source 1 end the 
space S3 defined by the bellows 23. Further, such wln- 
dows.54 ma/ be disposed between the chamber 42a of 
the frame 41 and the space S3 defined by the bellows 
23. and between the space S2 of the laser light source 
1 and the space S3 defined by the bellows 23. 
(0047] The window 54 may be constituted by one of 
the optical elements of the transmission optical system. 
In addition, since the window 54 may be contaminated 
(or fogged) by illurdnation of exposure tight. It is desira- 
ble that the window can be replaced. 
[0048] In the Illustrated embodiments. whOe an 
example that the nitrogen gas is'used as gas purged in 
the frame 41 was explained, other Inert gas such as 
helium, neon, argon, krypton, xenon, radon or the like, 
may be used. Specifically, when a wave length of Dght is 
less than 190 nm, it Is preferable that inert gas such as 
helhjm, neon, argon or krypton may be used. Further- 
more, when the KrF exdnter laser is .used, chemically 
dean dry air (air from which substances for causing fog 
of lenses (for example, ammonium Ions tending to float 
within a dean room) are.remcved) may be used as gas 
purged in the chambers. 

[0049] Further, In the illustrated embodiments, the 
sentence "optical parts are housed in chambers" means 
to Include "group of optical parts are disposed at bound- 
aries between chambers*. That is to say. In place of the 
windows provided In the Dght paths' In the partitions 
between the chambers, the optical parts may be 
arranged. 

[0050] Regarding a relation between the embodi- 
ments as mentioned above and elements in claims, sets 
of (valve 48a, passage L2a) - (valve 48g, passage L2g) 
conespond to a discharge switching means; the gas 
supply device 24, valves 48a-48g and pipings L2a-L2g 
corresponds to a gas replacing means; the piping Lih 
corresponds to a discharge passage in daim 2; the pip- 
ing L3 corresponds to a discharge passage In claim 5; 
the gas supply device 24 and piping LI a con-espond to 
a gas supply means in claim 2; the gas supply device 24 



and piping L4 correspond to a gas supply means in 
daim 5; and. a set of a mirror 10 and a main condenser 
lens 11, a set of first relay Jens 7, retide blind 8 and a 
second relay lens 9. a beam shaping lens 2. a mirror 3, 
5 a beam expander lens 4. a minror 5 and a fiy-«ye lens 6 
constitute seven optical parts. 

[0051] Further, in the illtstrated embodiments, as - 
the exposure illumination light, ultraviolet Dght having a 
wavelength of 100 nm or more (for example, fiar uliravi- 

10 det (bUV) tight such as g-ray. i-iBy or KrF exdmer laser, 
or, vacuum ultraviolet (VUV) light such as ArF exdmer 
laser or F2 laser (having a wavelength of 157 nm)) may 
be used. In an exposure apparatus having the F2 laser 
as a light source, as is similar to the aforementioned 

15 embodiments, a reflecUon /reftBction optical system Is 
used as a projection optical system, and refraction opti- 
cal members (lens elements) used In the Illumination 
optical system and the prpjectlon optical system are aU 
. made of fluorite, and the air In the F2 laiser light source. 

20 Illumination optical syst^ and the projection optical 
system is replaced by heliUhi gas. and a space between 
the illumination optical system and the proiectlon optical 
system as well as a space between the projection opti- 
cal system and the wafer are filled with helium gas. Fur- 

25 then in the exposure apparatuses using the F2 laser, a 
retide made of fluorite, synthetic quartz obtained by 
doping fluorine, nrwgnesium fluoride or crystal is used. 
Inddenlally, the refraction meml)ers used In the projec- 
tion optical system may be made of not only fluorite but 

30 also at least one of synthetic quartz obtained by doping 
fluorine and magnesium fluoride and crystal. 
[0052] In place of the exdmer laser, for example, a 
high hanmonic wave of a solid laser such as YAG laser 
having osdllation spectrum induding a wavelength of 

35 either of 48 nm. 193 nm or 157 nm may be used. 

[0053] Further, an Infrared area emitted from a DFB 
semi-conductor laser or a fiber laser, or a visible band 
single wavelength laser nr^y be amplified by, for exarrv 
ple, a fiber amplifier doped by erbium (or both erbium 

40 and ytterbium) and then be wavelength-converted into 
ultraviolet light by using a non-linear optical crystal to 
obtain a high harmonic wave which can be In turn used 
in place of the exdmer laser. . 

[0054] For example, when the oscillation wave- 
45 length of the single wavelength laser is within a range of 
1.51 ^m - 1.59 \mt an eight-time high harmonic wave 
generating a wavelength of 189 - 199 nmor a ten-time 
high hannonic wave generating a wavelength of 151 - 
159 nm Is outputted. Particulariy when the oscillation 
so wavelength Is within a range of 1 .544 ^un - 1 .553 ^m, an 
eight-time high harmonic wave generating a wavelength 
of 193 - 194 nm (i.e.. ultraviolet light having a wave- 
length substantially the same as that of the ArF exdmer 
laser) can t>e obtained. Further, when the osdllation 
55 wavelength is within a range of 1.57 ^ • 1.58 ^m, a 
ten-time high harmonic wave generating a wavelength 
of 157 - 158 nm (I.e.. ultraviolet light having a wave- 
length substantially the same as that of the F2 laser)can 



8 



15 



EP 1 004 937 A2 



16 



be obtained. 

[0055] Further, when the oscillation wavelength 1s 
within a range of 1.03 >iin - 1.12 Hm. a seven-time high 
harmonic wave generaUng a wavelength of 147 - 160 
nm Is outputted, and. particularly when the osdllaUon 
wavelength is within a range of 1.099 nm - 1.106 um. a 
seven-time high harmonic wave generaUng a wave- 
length of 157 - 158 nm (Le.. ultraviolet light having a 
wavelength substantially the same as that of the.Fa 
laser) can be obtained. Incidentally, an ytterbium dope 
fiber laser is used as the single wavelength oscillation 
laser. 

[0056] Of course, In the above embodiment, the 
wavelength of the exposure illumination light is not lim- 
ited to 100 nm or more. For example. In order to expose 
a pattern having a dimension of 70 nm or less. SOR or 
plasma laser Is used as a light source to generate EUV 
(Extreme Ultra Violet) light having a soft X-ray area (for 
example, area having a wavelength of 5 - 15 nm). and 
EUV exposure apparatuses using an all reflection 
demagnification optical system and a reflection type 
made which are designed on the basis of the exposure 
wavelength (for example, 13.5 nm) have been devel- 
oped. In such apparatuses, since it is considered to pro- 
vide an arrangement In which the mask and a wafer are 
simultaneously scanned by using an arc Illumination, 
the present Invention can also be applied to such appa- 
ratuses. 

[0057] Regarding the projection opUcal system, not 
only a demagnification system but also an equal-magni- 
fication system or an enlargement (or magnification) 
system<fbr example, a liquid crystal display manufactur- 
ing exposure apparatus) may be used. 
[0058] Further, the present Invention can also be 
appGed to not only the exposure apparatus used for 
manufacturing the semi-conductor element but also an 
exposure apparatus used for manufacturing a display 
including a liquid crystal display element and adapted to 
transfer a device pattern onto a glass plate, an exposure 
apparatus used for manufacturing a thin film magnetic 
head and adapted to transfer a device pattern onto a 
ceramic wafer and an exposure apparatus used for 
manufacturing an in«ging element (such as CCD). Fur- 
ther, the present invention can also be applied to an 
exposure apparatus for transfemng a circuit pattern 
onto a glass substrate or a silicon wafer in order to marh 
ufacture a reticle or a mask. 

[0059] By Incorporating the Illumination optical sys- 
tem and the projection optical system which include a 
plurality of lenses Into the exposure apparatus and by 
effecting optical adjustment and by attaching a reticle 
stage and a wafer stage which Include a number of 
mechanical parts to the exposure apparatus and by 
effecting wiring and piping and further by effecting entire 
adjustment (electrical adjustment and check of perform- 
ance), the exposure apparatus according to tiie illus- 
trated embodiments can be manufactured. Incidentally, 
it is desirable tiiat the exposure apparatus Is manufac- 



/ tured in a clean room in which a temperature and ctean- 
ness are controlled. 

[0060] The semi-conductor device is manufactured 
. through a step for designing function and performance 

5 of the device, a slep for manufacturing a reticle on the 
basis of the designing step, a step for manufacturing a 
wafer from silicon material, a step for exposing a pattern 
of tt^e reticle onto the wafer by using the exposure appa- 
ratus according to the Illustrated embodimenl, a step for 

10 assembling the device (including dicing process, bond- 
ing process and packaging process), and a checking 
step. As .mentioned above, the present invention is not 
limited to the above-mentioned emt)odiments. and, of 
course, various alterations and modifications can be 

15 effected virithout departing from the scope of the inven- 
tion. 

[0061] As mentioned atsove, according to ttie 
present invention, since the optical parts are housed In 
ttie Independent chambers, for example, when ttie 

20 maintenance is perfonned. only the chamber requiring 
ihe maintenance may be opened to the atmosphere, 
thereby reducing the loss of the Inert gas and reducing 
tile rise-time of tiie maintenance. 
[0062] According to a further aspect, since supply 

25 and stop of the Inert gas witti respect the chambers are 
automatically effected in synchronous witii the open- 
ing/dosing of the lids, the maintenance operation can 
be simplified. 

[0063] In addition, ttie replacement of gas only in 

30 the chamber op>ened to the atmosphere by opening tiie 
lid can be effected automatically and securely. 
[0064] Furthermore, since the light source of ttie 
exposure apiaaratus is turned OFF until the flow rate 
sensor detects the fiow rate when ttie oxygen density in 

35 the chamber reaches the value less than ttie predeter- 
mined value after ttie lid of ttie chamber is dosed, dur- 
ing ttie maintenance, if ttie replacement of gas In ttie 
chaiT^er is insuffident. ttie light source is prevented 
from being turned ON erroneously. 

40 [0065] Still further, since supply and stop of the 
Inert gas witti resped ttie chambers and replacement of 
gas are automatically effected in synchronous with ttie 
opening/dosing of ttie Uds, the maintenance operation 
can be simplified. 

45 [0066] Also, since the air spaces of ttie chambera 
and ttie frame to which ttie light source is connected are 
isolated from ttie air space of the light sourceside by the 
window member, if the frame or the chamber is contam- 
inated by ttie atmosphere, ttie influence of ttie contaml- 

so nation does not affect upon ttie tight source side. and. If 
ttie light source gas leaks in ttie light source side, the 
Influence of gas leakage does not affect upon ttie frame 
and the chambers side. 

[0067] Further, by Indining the face of the window 
55 member with respect to the plane perpendicular to the 
optical axis, a bad influence of ttie light reflected by the 
window member -can be prevented from affecting upon 
ttie light source (for example, a bad influence upon the 
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light amount measurement of the light amount deteclw 
provided in associaUon with the light source). 

Claims 

1. An exposure optical system In which a plurality of, . 
optical parts are housed in a frame, wherein: 

a plurality of chamlsers are formed in said . 
frame, and said optical parts are housed in the io 
different chambers of said, frame, respectively, 
and a gas supply system connected to the 
chambers to supply gases in said chambers is 
provided 

2. An exposure optical system according to claim 1. 
wherein at least one chamber among said plurality 
of chambers 4ncludes: 

a gas supply system (24, LI a) for supplying 20 
specific gas Into the one of said chambers; 
a discharge passage (LI h) for discharging gas 

ftxmi said chambers: 

a lid for opening/dosing said chamber, and; 
a valve for bioddng or stopping a supply of said 25 
specific gas when said iid is opened and for 
permitting such a supply of specific gas when 
said lid is dosed. 

a. An exposure optical system according to daim 2,. 30 
further comprising: 

an oxygen density sensor wWch delects oxy- 
gen densRy in said chamber having said lid; 

and « 
a discharge switching mechanism which per- 
mits gas discharge, to the adjacent chamber 
through said connection passage on a side of 
said another chamber arranged at the other 
end when the oxygen density detected by said 40 
oxygen density sensor is less than a predeter- 
mined value and which discharges gas in said 
chantf>er having said nd out of said franne when 
the oxygen density is greater than the predeter- 
mined value. 

4. An exposure apparatus using the exposure optical 
system according to daim 3, comprising: 

a flow rate sensor wttich detects a flow rate of so 
gas discharged from said discharge passage: 
and 

a control device which effects control so that a 
light source of the exposure apparatus Is 
turned OFF when the flow rate detected by said 55 
flow rate sensor is less than a predetermined 
value. 



5. An exposure optical system according to daim 1, 
wherein at least one diamber among said plurality 
of chambers indudes: 

a lid which opens and doses said chamber; 
a first and second discharge means which titis- 
-charges gas from said chamkmrs; 
a valve which biodcs supply of spedal gas from 
said gas supply means when said lid Is opened 
and which permits supply of spedal gas from 
said gas supply system when said lid Is dosed; 
an oxygen density sensor wtrich detects oxy- 
gen density In said chamber; and 
a switching mechanism which permits gas dis- 
charge from said first discharge means when 
the oxygen density detected by said oxygen 
density sensor Is less than a predetermined 
value and which discharges the gas through 
said second discharge means when the oxy- 
gen density is greater .than the predetermined 
value. 

6. An exposure apparatus havirig the exposure optical 
apparatus according to daim 1 . 

7. An exposure apparatus according to daim 4. 
wherein: 

a light source emitting exposure tight to said 
optical system Is connected any one of said 
plurality of chambers; and 
further comprising: 

a partition member disposed on a light path of 
the exposure light and adapted to isolate a 
space in \he chamber to which said light source 
is connected frpm another space on a side of 
said light source and permitting transit of the 
exposure light from said light source. 

8. An exposure apparatus comprising: 

a light source emitting exposure tight; 
a frame having an optical systenri on which the 
exposure light is incident and having an inner 
space filled with specific gas; 
a light source unit connected to said frame and 
containing said light source; and 
a partition memtier prevlded on a light path of 
the exposure light and adapted to Isolate a 
space within said frame from another space 
within said light source unit and permitting tran- 
sit of the exposure light of s^d light sourca 

9. An exposure apparatus according to daim 8, 
wherein said partition member forms a part of a 
transmission optical system which directs the expo- 
sure light from said light source to said optical sys- 
tem, and a face of said partition member is indined 
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with respect to a plane perpendicular to an optical / 
axis of said Iransmlssion optical system. 

1 0. An exposure optical system comprising: 

s 

a frame containing a plurality of optical ele- 
ments; and 

a partition member disposed wiUiln said frame 
and adapted to dividing an Interior of said 
frame Into a plurality of spaces; and wherein io 
said optical elements are arranged witiiin said 
chambers partitioned by said partition member. . 

11. An exposure optical system according to dabn 10, 
further comprising a shield member which shields is 
said frame from ottier spaces. 

12. An exposure optical system according to daim 10. 
further comprising a gas supply device which sup- 
plies spedfic gas In the chambers partitioned by 20 
said partition member. 

13. An exposure optical system according to daim 10, 
further comprising an fliumination optical system 
v^lch Illuminates tight onto a mask on which a pat- 2S 
tern Is formed. 

14. An exposure optical system according to daim 10, 
further comprising a projection optical system 
which projects a pattern image of a mask illumi- ao 
nated by an Illumination optical system onto a sub- 
strate. 

15. An exposure optical system according to daim 12, 
wherein the spedfic gas supplied from said gas 35 
supply device is inert gas having absorbing prop- 
erty less than tiiat of oxygen witti respect to a wav0> 
lengtti area of tiie light Illuminating a mask. 

16. An exposure apparatus having the optical system 40 
according to daim 10. 

17. An exposure apparatus having the optical system 
according to daim 15. 

45 

18. An exposure apparatus according to daim 17, 
wherein said patti of the energy beam is a portion 
between an exposure light source and a mask illu- 
minated by light from saki exposure light source or 

* a portion between saW mask and a substrate on so 
which a pattern image of said mask is projected or 
a portion between said exposure light source and 
said substrate. 



optical elements into a plurality of spaces; and 
ptadng said optical elements In at least a part 
of said divided plural spaces. 

20. A mettiod according to daim 19, wherein a gas sup- 
ply device which supplies spedfic gas into a first 
space among said spaces Is connected to said 
frame. 

21. A m^od according to claim 20, wherein said first 
space Is provided witt^ a sensor which detects oxy- * 
gen density in said first space. 

22. A method according to daim 21. wherein said first 
space is provided wiUi a switching mechanism 
which switches between discharging of gas to a 
space adjacent to sak) firat space and discharging 
gas out of said frame from said first space, on the 
basis of a detected result of said sensor. 

23. A method according to daim 21, wherein said 
frame has an opening/dosing lid which communi- 
cates said firat space witi) atmosphere, and said 
firat space Is provided with a switching mechariism 
which switches tsetween discharging of gas to a 
space adjacent to said firat space and bk>ddng of 
gas discharge from said firet space to said adjacent 
space, in response to an opening/dosing operation 
of said opening/dosing lid. 

24. A method according to daim 19, wherein said 
frame includes an illumination optical system con- 
stituted by tiie plurality of optical eiemente and 
adapted to illuminate light onto a mask on which a 
pattern is formed. 

25. A method according to daim 24, wherein said 
frame further indudes a projection optical syslafn 
constituted by the pluraity of optical eiemente and 
adapted to project a pattern Image onto a substrate. 

26. Method of assembling an exposure apparatus, for 
assembling ah exposure apparatus by provkjing 
said exposure apparatus witii the optical system 
assembled by the metiiod according to daim 19. 



19. A method for assembling an exposure optical sys- 55 
tem, comprising the steps of: 

dividing a frame whteh contains a pluraiity of 
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Fig, 3A 
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Fig. 5 A 




Fig. 5B 
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Fig, 7 
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Fig. 10 
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